Nieto A., Grande Burgos M.J., Gálvez A., Pérez Pulido R. (2017) Olive paste can be a valuable source of phenolic compounds with antioxidant activity. High hydrostatic pressure (HHP) treatment (600 MPa, 8 min) was tested for the preservation of olive paste obtained from Picual unfermented green olives, a variety known for its high content of phenolic compounds. Microbiological load (total aerobic mesophilic counts, yeasts, and moulds), and antioxidant activity were measured during one-month refrigeration storage. At the end of the storage period, control samples maintained 27% of their initial antioxidant activity, showed browning, and had microbial loads (ca. 10 5 CFU/g) composed mainly of yeasts and moulds, while samples treated with HHP preserved 79% of their initial antioxidant activity, kept green colour and had no microbial counts. These results showed the potential of HHP treatment at 600 MPa for 8 min for the preservation of olive paste with strong antioxidant activity.
Olives and olive products have an important role in the Mediterranean diet. Thanks to its use for the production of table olives and olive oil, the olive tree is grown in many places of the world (Ghanbari et al. 2012) . Spain is the leading exporter of olive oil with about 170 million trees, followed by Italy, Greece, Turkey, Tunisia, Portugal, and Morocco (Arslan & Özcan 2011) . The olive fruit contains bioactive compounds (carotenoids, xanthophylls, chloroplasts, and polyphenols) which are able to act as chemical antioxidants with the ability to reduce oxidative damage associated with various degenerative diseases (Cicerale et al. 2012; Klen et al. 2015) .
The application of high hydrostatic pressure (HHP) can improve food safety with minimal changes in the organoleptic properties and nutrient quality (Rendueles et al. 2011) . A previous study on Manzanilla Aloreña table olives reported that when pressure treatments at 300 MPa for 5 min were applied on the fermented olives, no viable yeast cells were detected, while the bacterial population, despite being lower than the yeast population, only decreased significantly after treatment at 600 MPa (Abriouel et al. 2014) . Other studies have also proven the efficacy of HHP for the preservation of fermented Cornezuelo dressed olives (Pradas et al. 2012) and Halkidiki green table olives (Argyri et al. 2014) . Furthermore, HHP treatments have also shown to confer microbiological stability on paste obtained from black table olives (Tokusoglu et al. 2010) , paté made from fermented green olives of Manzanilla variety (Sánchez et al. 2012) , and jam from fermented green olives of Carrasqueña variety (Delgado-Adamez et al. 2013) .
Pastes obtained from olives can be used as a food ingredient and are also interesting as a potential functional food with antioxidant properties. For this Food Technology and Economy, Engineering and Physical Properties doi: 10.17221/358/2016-CJFS purpose, green olives should be preferred compared to fermented table olives, since fermentation strongly decreases the levels of phenolic compounds in the olive fruit. However, there are no previous studies on the application of HHP treatments on paste from nonfermented green olives. Since olives of Picual variety are rich in phenolic compounds, and therefore seem to be a potential source for the preparation of olive pastes from non-fermented olives with a high antioxidant capacity, it seemed interesting to study the stabilisation of Picual olive paste by HHP. The aim of the present study was to obtain a microbiologically stable olive paste from raw Picual olives with preserved levels of antioxidant activity by the application of HHP processing.
MATeriAl And MeTHOds
Sample preparation. Green olives (olea europaea L., Picual variety) were harvested from plantations located in the southern part of the Jaen province (Andalusia, Spain). Olives were harvested at a still green maturity stage on a single day in November 2014. Olives were stored at 4°C until processing and analysis (for not more than two days). Olives were manually pitted and then homogenised using a conventional kitchen blender to obtain a homogeneous paste consistency; aliquots (10 g each) of the resulting paste (pH 4.4) were packed in vacuum thermo-sealed polyethylene-polyamide plastic bags (oxygen and CO 2 transmission rates of 150 and 450 cm 3 /m 2 /day, respectively). Two control bags and two bags for treatment were prepared for each day of measurement. Taking into account oxidative damage suffered by olives, the preparation of samples was done on the same day of treatment (Day 0).
High hydrostatic pressure treatment. High hydrostatic pressure treatment was performed using a HHP system (Stansted Fluid Power LTD, Essex, UK), equipped with a container capacity of 2.5 l and operating pressure range of 0-700 MPa. Increase of pressure was set to 75 MPa/minute. Pressure was held at 600 MPa for 8 min followed by almost instant decompression. These treatment conditions were selected based on previous experience with fermented table olives (Abriouel et al. 2014) . Water with 5% propylene glycol was a pressurisation fluid. Untreated control and HHP-treated olive pastes were stored under refrigeration (4 ± 0.5°C) until further analysis. The temperature inside the vessel before treatment was 21°C, and it increased to 27°C during treatment.
In the process of decompression, the temperature decreased to the initial value. The temperature of samples was between 5 and 8°C before treatments, and between 17 and 19°C after treatments.
Extract preparation. In order to assess the antioxidant activity and microbial load in olive paste in the course of one month, extracts from treated and control samples were obtained on 0, 3, 7, 15, and 30 days of storage. Extracts were prepared under aseptic conditions by adding 10 ml of sterile peptone water to each sample bag and homogenising manually. The liquid phase was recovered and distributed in 2 aliquots: one for immediate use in microbiological testing, and the other was stored at -20°C, protected from light until use in quantifying antioxidant activity.
Antioxidant activity. The antioxidant activity was measured by a Trolox equivalent antioxidant capacity assay (TEAC) as described by Ben Othman et al. (2008) . Extracts were subjected to successive centrifugation steps at 5000 rpm for 5 min to ensure the removal of suspended solids. ABTS [2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid); SigmaAldrich, Spain] was dissolved in water to a 7 mM concentration. ABTS radical cation (ABTS+) was produced by reacting the ABTS stock solution with 2.45 mM (final concentration) potassium persulfate (Sigma-Aldrich, Spain) and allowing the mixture to stand in the dark at room temperature for 12 to 16 h before use. Before use, the ABTS+ solution was diluted with ethanol to an absorbance of 0.70 at 734 nm. Ten µl of clarified extract and 1 ml of diluted radical ABTS + were mixed in a spectrophotometer cuvette and maintained in darkness for 6 min, and then absorbance was measured at 734 nm using a SmartSpec TM spectrophotometer Plus (BioRad, Spain). The calibration curve was obtained using concentrations of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; Sigma-Aldrich, Spain) in ethanol between 0.1 and 2.1 mM. The results were expressed as µmol Trolox/g of sample. Two separate extracts were made for each assay and the measurements were performed in triplicate. Thus, each result was calculated as the mean of six determinations.
Microbiological analyses. Samples were serially diluted in a sterile saline solution and plated on Tryptone Soy Agar -TSA (Scharlab) for estimation of total aerobic mesophiles and on Yeast Malt Agar -YMA (Scharlab) supplemented with chloramphenicol (150 mg/l; Sigma) for yeasts and moulds. Viable counts were obtained after 48 h of incubation at 30°C Czech J. Food Sci., 35, 2017 (3): 246-250 doi: 10.17221/358/2016 and converted to log 10 CFU/g. The inactivation associated with treatment was established according to the difference in the counts obtained for each day of storage between control and treated samples. From each extract, two aliquots were serially diluted employing a sterile saline solution and spread separately in duplicate. Thus, each count was calculated as the mean of four determinations.
Statistical analysis. Mean and standard deviation were determined for each assay by using Excel (Microsoft Corp., USA). An ANOVA test was performed with a confidence level of 95% followed by Tukey's test in order to establish the existence of significant differences in antioxidant activity during storage. A paired t-test was carried out to detect significant differences between control and HHP-treated samples.
resulTs And discussiOn
Variations in antioxidant activity for control and HHP-treated samples are shown in Table 1 . On the first day, controls and treated samples had the same antioxidant activity. Since the third day, antioxidant activity in the control samples was significantly lower (P < 0.05) compared to the HHP-treated samples, and showed a decline of about 65% of the initial value. On the last day of storage, the antioxidant activity of control samples decreased to 27% of its initial value. By contrast, the samples subjected to HHP treatment maintained the initial antioxidant activity during the first 15 days of storage, falling barely to 79% of its initial value on the last day of measurement. That means a loss of only 21% of the initial antioxidant activity after one month of storage.
Moreover, it was observed that treated samples preserved the green colour until the end of the month, while control samples showed the brown coloration typical of enzymatic oxidation since the third day. Figure 1 presents the sequence of pictures where the difference in coloration between control and treated samples can be noticed.
Altogether, the results obtained indicated that the progressive loss of antioxidant capacity and browning observed in the control olive paste during storage was significantly reduced in the samples treated with HHP at 600 MPa. The green olive fruits are a complex substrate rich in phenolic compounds Hbaieb et al. 2015) . Natural control of PPO activity is mainly produced by compartmentalisation. The loss of enzyme compartmentalisation by mechanical damage such as cutting or grinding facilitates the browning reaction. We suggest that the phenol oxidase activity could explain both the browning and loss of antioxidant activity observed in the control olive paste. Previous studies have shown that HHP can inactivate degradative enzymes associated with food quality, including polyphenol oxidase activity (Hendrickx et al. 1998; Cao et al. 2011) . Sánchez et al. (2012) reported that the application of HHP treatments at 600 MPa for 5 or 10 min improved the oxidative stability of paté obtained from Manzanilla fermented olives compared to heating at 80°C for 20 min, and Delgado- Adamez et al. (2013) reported similar effects on jam obtained from Carrasqueña fermented olives. In these previous studies, the fermented olives were previously treated with lye and immersed in brine, which might influence phenol oxidase activity and phenolic content. By contrast, this is the first study on paste obtained from non-fermented olives.
Results of microbiological analyses for each day of measurement of control and treated samples are shown in Table 2 . In control samples, viable counts of the total aerobic mesophiles and of yeasts and moulds were almost identical. During the first seven days of measurement, the microbiological load remained below 10 2 CFU/g, while from day 15 it was above 10 5 CFU/g, which means an increase by at least three logarithmic cycles in that period of time. By contrast, in the samples treated with HHP, no viable cells were detected from the day of treatment until the last day of measurement.
Comparing viable counts and antioxidant activity shows that antioxidant activity also remained stable in control samples for the first 7 days and then dropped significantly on days 15 and 30. There could be two possible explanations for the observed coincidence of decrease in antioxidant activity and increase in viable cell counts: (1) microorganisms (together with the fruit PPO activity) could contribute to degradation or transformation of antioxidant compounds, and/or (2) since green olives contain a variety of antimicrobial compounds (Medina et al. 2007 ), these could be responsible for inhibition of microbial growth during the first week of storage, but they possibly lost their inhibitory activity upon oxidation. By contrast, the HHP treatment yielded a microbiologically stable paste where viable counts were reduced below detectable levels. Each group of microorganisms has different resistance to HHP; moulds and yeasts have a greater sensitivity, followed by Gram negative bacteria, complex enveloped viruses, Gram positive bacteria, and bacterial spores, which finally cannot be affected by this type of treatment (Rendueles et al. 2011) . Vegetative forms of eukaryotes, such as yeasts and moulds, are inactivated by pressures between 200 and 300 MPa, an aspect that has been confirmed in studies with fermented green table olives (Pradas et al. 2012; Abriouel et al. 2014; Argyri et al. 2014) . Therefore it is expected that a 600 MPa treatment would yield a product free of detectable yeasts and moulds, especially when the initial cell concentrations were very low. However, according to previous results reported by Abriouel et al. (2014) , HHP treatments below 600 MPa did not prevent the browning of brined green table olives unless oxygen was excluded by purging with N 2 (results not shown). Based on these previous data, we chose Food Sci., 35, 2017 (3): 246-250 doi: 10.17221/358/2016 to apply a 600 MPa treatment to the non-fermented olive paste, with satisfactory results.
cOnclusiOns
The results obtained suggest that HHP at 600 MPa for 8 min can be an effective method for the short-term preservation of paste obtained from non-fermented Picual green olives. The applied treatment achieves a significant reduction of microbial load, by at least 2 logarithmic cycles, keeping it free from mesophilic microorganisms, enhancing the preservation of antioxidant activity and preventing enzymatic browning possibly by prevention of degradation or transformation of phenolic compounds. HHP is an attractive food preservation technology for olive industries to provide food products with possibly enhanced functional quality, thus increasing their added value. The special bitter taste of the paste from non-fermented olives and its antioxidant activity make it an attractive non-thermally processed food product with potential applications as an ingredient in appetisers and also as a ready-to eat ingredient for the preparation of special dishes in catering services and innovative cuisine.
